EU. Fishers that operate seines claim a loss of more marketable fish than those using trawls when legal 31 mesh sizes are used (see Herrmann et al., 2016) . This highlights the need for more detailed information 32 about the two gear types and their catches. 33
Initially, the seine was developed by a Danish fisherman specifically to catch flatfish, whereas 34 trawls are more opportunistic gears in terms of the species that they target. Today, Norway lobster (a.k.a 35 langoustine) Nephrops norvegicus (L.) and several fish species (roundfish and flatfish) are targeted by 36 trawlers. However, a significant proportion of the catches of both gears is discarded (Kelleher, 2005) . proportions of fish below MCRS are likely different. Furthermore, differences in gear constructions (e.g. 51 lighter ground gears for seiners) might cause differences in the catches of Danish seines and bottom 52
trawls. 53
The aim of the present study was to use data from a perennial monitoring programme of 54 commercial vessels to establish a comprehensive dataset for describing and comparing the seine and 55 trawl fishery including their catches of commercial species, i.e. quota restricted species and/or species 56 that were directly targeted (for quotas and annual landings in Denmark in 2016, see Table S1 ). The 57 specific objectives were to: 1) provide an insight into whether the legal grouping of seines and trawls, in 58 year) had to be excluded due to collinearity with other covariates (variance inflation factors > 3; Zuur, 124
Ieno & Elphick, 2010). 125
Generalized additive mixed models (GAMMs) were used to describe relationships between 126 catch rates or MS ratios and the explanatory variables to account for the unbalanced sampling design 127 between explanatory variables (e.g. different number of hauls for different gear categories). For the catch 128 rate models, a Poisson distribution was assumed because catch rate represents count data, i.e. number of 129 fish per unit of effort. Cases of over-dispersion (conditional variance exceeds the conditional mean 130
and/or presence of many zero observations) were handled using a negative binomial distribution (Zuur, 131 Tschernij & Holst, 1999), but the data structure could be regarded as a hierarchical structure, i.e. vessel 136 -trip -haul. Therefore, vessel and trip were always included in the model, even if the model found them 137 to be non-significant. Furthermore, the subsampling factor was included as an offset in all models as the 138 ratio of individuals observed and individuals measured. It was the only variable which was transformed 139 (log-transformation). 140
The following was the GAMM for catch rates per haul i (Eq. Fixed effects are the nominal covariate "gear" representing either trawl or seine, the continuous 144 covariate "mesh" for the used numerical mesh size, the nominal covariate "quarter" for the quarters of a 145 year, the nominal covariate "target" for the targeted species and the continuous covariates "depth" and 146 "latitude" representing the fishing depth and the respective north-south position. "Vessel" and "trip" as 147 nominal covariates are random effects that represent the respective fishing vessel and trip number. η 148 describes the intercept, which represents seines that fished in quarter one and targeted cod, s is an 149 isotropic smoothing function that was used to define smooth terms (thin-plate regression spline; Wood, 150 2003), and ε is an error term. 151
For MS ratios, the procedures explained for the catch rate models were followed, but since ratios 152
can take values between 0 and 1, a binomial distribution was used. Cases of over-dispersion were handled 153 by using a quasi-binomial distribution. For both distributions, a logit-link function was applied. 154
The GAMM for MS ratios per haul i (Eq. 2) was: 
157
The following steps of model selection and model validation were the same for both models. 158 After estimating the model, the least significant covariate with largest P-value was removed and the new 159 model was applied again. If there were non-significant results in the categorical terms (quarter, target), 160 then levels were combined and the model was refitted. This was done until all remaining covariates 161 except vessel and trip were statistically significant (P < 0.05). shown for all models, which passed all steps of the validation process. 167
All analyses were done in R Statistical Software (R Core Team, 2015), using the package 168 "mgcv" (Wood, 2011) to conduct generalized additive mixed modelling. 169
RESULTS

170
Fishing characteristics 171
The dataset consisted of 285 and 460 fully-commercial hauls for seines and trawls, respectively ( Table  172 1, Fig. 1 ). In relative terms, more hauls by seiners were conducted using large mesh sizes, whereas 173 trawlers used more often smaller mesh sizes (Table 1) . Mean engine power was significantly lower for 174 seiners than for trawlers for both mesh size categories (Table 1 ) and mean haul duration for seiners was 175 less than half compared to trawlers (Table 1) . Areas fished by trawlers and seiners overlapped in some 176 cases ( Fig. 1 ), but mean fishing depth for seiners using mesh sizes ≥ 110 mm ("a" in Table 1 ) was 177 significantly lower than for the other categories (Table 1) . Mean fishing depth for seiners 90-109 mm 178 ("b" in Table 1 ) and trawlers 90-109 mm ("c" in Table 1 ) were also significantly different, but both were 179 not significantly different to the values for trawlers using a mesh size ≥ 110 mm ("bc" in Table 1 ). Mean 180 total catches per haul were significantly lower for seines than for trawls, but mean catch rate for seines 181 with mesh sizes ≥ 110 mm was significantly higher than for the three other categories. All target species 182 of seiners, including plaice Pleuronectes platessa L. as the main target species, could also be found on 
Catches
witch flounder Glyptocephalus cynoglossus (L.)) in the study area, but were directly targeted by some 189 vessels. Nine of these species are subject to MS regulations, but the MCRS of Norway lobster is different 190 to the former MLS and the MS of witch flounder is only legal on a national level in some countries 191 (Table 2 ). All species were observed in both gear types and mesh categories, but occurrences of herring 192
Clupea harengus L., Norway lobster and Norway pout Trisopterus esmarkii Nilsson were low in seines 193 (Table 2) . 194
Mean catch rates ranged 0.0-971.2 individuals per hour (Norway lobster in both seine categories 195 and in trawls 90-109 mm, respectively; Table 3 ). Regarding fish species, catch rates ranged from 0.1 196 (Norway pout in both seine categories) to 481.1 individuals per hour (plaice in seines ≥ 110 mm, Table  197 3). Catch rates for plaice and witch flounder were significantly higher in seines and for saithe Pollachius 198 virens (L.) and whiting Merlangius merlangus (L.) in trawls (Table 4) . Catch rate was often significantly 199 affected when Norway lobster or plaice, as main target species of the fisheries, were the targeted species 200 (Table 4) . In cases where Norway lobster was targeted, catch rates of Norway lobster and roundfish 201
increased, but catch rates of flatfish decreased. If plaice was targeted, then catch rates of Norway lobster 202 and roundfish decreased, but catch rates of flatfish increased. Mesh size was significant for four species 203 (Norway lobster, saithe, whiting, witch flounder), where catch rates decreased slightly with increasing 204 mesh size for three of them (Table 4) . Season was significant for seven species (Table 4) , but the 205 differences between the four seasons were species-dependent and no general pattern was found. Water 206 depth was found to be significant for all species and latitude was significant for seven of them (Table 4) . 207
Since latitude and water depth were handled as smooth terms, a determination of the direction of impacts 208 has not been possible here. Vessel or trip or both random effects were significant for all species except 209
Norway pout. Melanogrammus aeglefinus (L.). Season was significant for four species (cod, dab, plaice, whiting) 217 whereby season four was often the decisive season (lower ratios). Target species significantly affected 218 ratios of four species (cod, dab, haddock, Norway lobster), where Norway lobster significantly increased 219 the ratios of cod and haddock. The smooth terms depth and latitude were significant factors for five (cod, 220 haddock, hake, whiting, witch flounder) and one species (Norway lobster), respectively. Random effects 221
were also found to be of high importance; only cod did not show any significant effects of those ( Table  222 5). 223
DISCUSSION
224
Fishing operation and catch profiles of commercial species for seiners and trawlers fishing in the 225
Skagerrak and the northern Kattegat were compared based on 16 years of Danish observer coverage. 226
This represents a comprehensive data source to evaluate and determine how specialized and flexible the 227 two gears are in terms of target species and catches of fish below MS. The collected data is used to 228 indicate how appropriate the legislative grouping of seines and trawls is and how challenged the two 229 fisheries will be in meeting the objectives of the landing obligation. 230
Total catches per hour were larger for seiners using mesh sizes ≥ 110 mm than for trawlers. 231
Translating those to catches per swept km 2 based on estimates of hourly swept area by Eigaard et al. were found to have significant effects on the catches of most species. This may indicate that it is primarily 253 not the gear or mesh size that is directly responsible for differences in MS ratios or catch rates between 254 the two fishing methods, but more likely the specific conditions in which the gears are used. As these 255 conditions include area and depth as factors of high importance in determining the catch rate and the 256 proportion of fish below MLS or MCRS, differences in the catches are likely between different regions 257 and habitat types. Although this indicates that ecological factors are likely to be underrepresented in 258 current fishery management plans of the EU, adding more detailed area aspects and ecological conditions 259 to future management plans might be problematic due to the diverse and complex structure of marine 260 habitats. The unexpectedly weak effect of mesh size on catch rate and particularly MS ratio has also been 261 observed previously using similar observer collected data. be other influential factors (e.g. selective devices, quota availability) that could affect catch rates or MS 267 ratios. Although the regulations in the study area changed several times, potential effects on catches of 268 seines and trawls were considered to be similar because both belong to the same legislative category 269 (Council Regulation (EC) 850/98). Nevertheless, the quality of the data collected within the observer 270 programmes could be improved by a more precise recording of additional factors like an accurate 271 description of used selective devices. The currently poor recording of the use of selective devices did not 272 allow inclusion of this factor in the analyses, and this may explain why only a weak impact of mesh size 273 was found in the present study. The relatively high number of zero observations in the dataset might be 274
reduced by increasing the sample size within the observer programme. As it could also be possible that 275 conditional factors are linked and interact, effects of gear or mesh size were maybe confounded or 276 masked in the present study. One way to investigate this would be studies that compare catches of seiners 277 and trawlers under more controlled conditions. This means that additional factors such as area, depth or 278 season should be the same for both gears and that same gear configurations (e.g. number of meshes 279 around codend, length of codend extension, selectivity devices) are used or that analyses account for 280 potential differences in those. 281
Despite the pronounced effects of conditional parameters, significant differences were found in 282 catch rates between seines and trawls for several species. The results indicated that catch rates of flatfish 283 were generally higher for seiners and catch rates for roundfish species were higher for trawlers. 284
Significant differences in MS ratios were only found for whiting, which is not directly targeted. Thus, 285 the results of the present study for fish below MS provide no clear findings to challenge the legislative 286 grouping of seines and trawls into the same category. In the context of the landing-obligation system, 287
the results indicate that both fisheries will be affected as catches of both gears were up to 50% individuals Table 3 . Catch rates (ind./h) and minimum size (MS) ratios (individuals below minimum landing size (MLS) or 1 minimum conservation reference size (MCRS)/total no. of individuals) ± SD separated by gear and mesh size. 
